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ABS1’RACT

Hydrovolcanlc pyroclasts are produced by the

with surface or near-surface water. Eruption

Interaction of erupting magma

energy determining pyroclast

transport and depositlonal modes is dependent upon the amount of water inter-

acting with magma. Grain morphologles, size distributions, surface textures,

and chemical effects studied record the history of eruption cycles for vol-

canoes under consideration. Samples of crater-rim stratigraphic sequences

from Crater Elegante and Cerro Colorado, Mexico, and from Panum Crater and

Obsidian Pome, California, Illustrate a basaltic tuff ring and tuff cone and

two rhyolltic t~ff rings respectively. Grain morphologles observed b.y

scanning electron microscopy (SEM) reveal information on the process of melt

fragmentation. Three morphologles of glass dominate particles larger than 100

Hrl: broken, blocky, or flat-sided grains; vesicular grains

textures; and drop-llke grains with fluicial-form surfacez.

deposits resultlng from greater water interaction, particles

un show increased surface area Air-fall ashes are angular

ments; In contrast surge ashes show moss-like surfaces and

with bubble-wall

In samples from

rmaller than 100

plate-like frag-

agglutlnation of

small surface particles. Transport abrasion

field and by SEM are evidenced by overall

greatest for grains from planar-bed deposits,

features observed both in the

gr~in rounding. Rounding is

least for sandwave-bed deposits,

~nd nuarly absent on grains from fall deposits. Suriace alteration and dia-

gcnesis have greater effect on pyroclasts fron “wet” eruptions compnred to

“dry” ones. These textures arc patchy oticrgrowths of mlcrocrystnllinc {Inci

hydrat~d mntcrials. Surface chemical charactcr!sttcs observed with energy

dispcrsivu spectral ilrlill.ySIS ([;[)S/ show rclot.ivu gains or lo%scs of cloml’nts

dnd an .apl)arcntonrictmwn! of sillca on oltcrrd s(lrfacl~s.
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INTRODUCTION

The sc ‘ng electron microscope (SEM) Is useful in unraveling the his-

tories of vol ‘nit ash particles (De?ita et al ., 1982; Sheridan and Marshall ,.———

1982; Wohletz Ind Krinsley, 1982). Although this work Is still in its

Infancy, the SEM has been used for over 10 years to help interpret textural

features of pyroclasts (Walker and Croasdale, 1971; Heiken, 1972; Honnorez and

Kirst, 1975; Huang et al., 1980). Heiken et al. (1974) and Heiken and McKay—— .—

(1977, 1978) combined SFM with optical inspection of lunar materials in deter-

mining a possible pyroclastic origin. Recently, workers have attempted to

develop systematic for SEM Inspection of volcanic ash. Such systematic take

account of the importance of bed-form variati,~:iand sample location witiiin the

outcrop, grain-size variations of samples, choice of grain type (crystal,

glass, llth!c), sample preparation, and the statistics of textural variations

(Sheridan and Marshall , 1982).

Of great importance is the Identification, geologlc significance, inter-

pretation, and origin of the multitude of textural features shown by pyro-

clastlc particles. In the interpretation of textural origins Wohletz and

Krinslcj’ (1982) consider pyroclast histories III three developmental stages:

(1,) formation of major gr?,in shape by eruption mechanism; (2) modification by

transport abrasion; anil (3) alteration by postumplacement processes. DeR”;La

et al . (1982) OISO used his approach for analysls of crystals In pyrocl astic-—

deposits from o variety of settings.

The purpose of this paper is to examine the vertical textural variations

observed In stratlgraphic sections of ash and show how these c~n be related to

the eruptive history of volc~nlc vunts. Sanlplt’swere systcmatic~lly taken

frcm near-vent localities in vertical srqucncvs of ,Ish layers as In Hclken and

McKay (1917 and 1!178). Iloth size dlstribut.ions ,Jildpctro’logic (chemical)



constraints are among the

of the ash samples.

The samples studied in

km diameter) volcanoes:

Panum Crater and Obsidian

features used in interpretation of textural features

this report were taken from four small (less than 2

Crater Elegante and Cerro Colorado In Sonora, and

Dome, California. All four are typical volcanoes

formed by hydrovolcanic eruptions. Crater Elegante is a

and Cerro Colorado is a tuff cone. The California examples

rings. All are less than 105 years old. The significance

basaltic tuff ring

are rhyolitic tuff

of selecting these

four volcanoes is that their pyroclasts have been formed by explosive mixing

of metsoric water with magma as it approached the surface.

The major consideration to understand the hydrovolcanic eruptive mechanism

is the energy of steam explosions. This quantity can be related to (1) the

size of pyroclasts produced; (2) the mechanism of emplacement; and (3) the

amo.’nt of water that interacted with the magma. The size relationship has

been quantified by a standard granulometric apr)roach (Folk and Ward, 1957),

the emplacement mechanism by textural observations using the 5EM, and the

quantity of water b,y energy dispersive spectral analyses !EilS) of grain sur-

faces coupled with SEM observations.

Size ?nalysis of pyroclastic materials, however, Is still a cor’troverslal

subject. Basic confiideratio~s ore presented by Walker (1971), discussed by

Sheridan (1971), and subsequent ~lplications to hydrovolc~nic materials are

given by Sheridtin and Updike (1975) and by Womer et al. (1980). Predictably,-.

as hydrovolcanic e;muptions increase in explosive cncrqy, median grain size

d~crcases, and pyroclast emplacement evolves from nallistic projection and

fall into dense-!amindr und lean-viscous surge (Wohletz and Shuridnn, 1979).

Depositional bud forms resulting from these ~mplacrment mechanisms tire

respectively normally gra(icd mcdlum- to co,arsc-grained nsh (pyroclflstic fall);
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inversely graded medium-grained planar beds (dense pyrocl astic surge);

massive-bedded fine- to medium-grained ash (dense-to-lean pyroclastic SUr9e);

and sandwave-bedded

In this report,

are considered and

fine-grained ash (lean pyroclastic surge).

20 textural descriptors (from Wohletz and Krinsley, 1982)

interpreted (see Table 1). The significance of these

descriptors is: (1) with

frequency of broken, planar

of vesicles increases; (2)

decreasing water interaction during eruption, the

surfaces on pyroclasts decreases and the abundance

rounding and related features caused by transport

abrasion increase with increasing surge density, being least for sarrdwave

deposition (also

tion.

The rationale

show the effects

clasts and also

low for fall deposition), and great?st for plane-bed deposi-

for EDS study of surface chemical trends on pyroclasts is tc

of posteruption diagenetic and weathering effects upon pyro-

to show possible changes in magma

pyroclastlc phase of a volcano. Postdepositional a’

massive and planar surge deposits and least for

deposits. Most st~dles of posteruptive diagenetic

compositions during the

volcanic ~lass concern palagonitization (for example:

1926; Moore, 1966; Bonattl, 1965; Nayudu, 196fl; Hay,

teration ?s greatest for

sandwave beds and fall

or weathering effects on

Fuller, !931; Peacock,

1960; Hay and Ilji!na,

1968; Jakobsson, 1978).

glass. various elements

a famplex assemblage of

During this process, which involves a hytlrat+m of

are mobilized and redistributed on grain surfaces and

clays ard zeolite ,ninerals develops. If ground water

causes the alteratiorl, the process is slow (>103 years), whereas If hydrother-

mal waters emantte from the vent, pyroclasts alter ov~r just periods of years.

A third source of water emphasized In this report is condensed ;team trapped

within the (!cposlt during cwplacement. Presence and quar~tity of this water

determlrleswhether Inltlally fre~h depositc are wet and cohesive, or dry.
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The method of SEM analysis of pyroclasts is that used by Sheridan and

Marshall (1982) and includes optical inspection of cleaned, sieved samples,

whole grain photographs of 250- un-sized samples and gr’oup photographs of

smal1, less than 63-w+sized grains.

quantitative, stanc!ardless analysis by

precision is within one to two weiqht

The EDS analysis used is a semi-

a KEVEX 7000 series unit. Analytical

percent for silica values and within

half of & percent for most other elements. At least five grains of each

sample were analyzed ald averaged for fresh and altered surfaces. A 15-KeV

beam potential was used for analysis on relatively flat surfaces of about

20CJ-I.m#areas. Spot analyses of 400 unz or less showed very little variation

with analyses of d’.creasing area. The analyses of fresh grairls w~re compared

to analyses by other methods, which provided a measure of accuracy. However,

the analyses reported are interprete~ to show only relative variations in

surface chemistry among grains and not absolute elemental abundance. These

analyses are reported as oxide weight percents normalized to total 100 percent.

SAMPLE DESCRIPTION AND INTERPRETATION

Descriptive SEhl features and the EDS analyses are listed in Tables 2

throucjh 8. They illustrate the variations of pyroclast characteristics at the

studied localities.

from 1 ~m lapilli

that sdmples fall

generally increas~s

Samples are from deposits which vary in median gt-ai~ size

to micron-sized ash. Size data plotted in Figure 1. show

into size fields related to bed form. Eruption energy

with decreasing grain size.

Crater Elegante--—— ..-.-... ...—

Crater El~gante

(Jahns, 1959/. It

is In the Pinac,,te volcanic

Is a maar crater 1,.6 km In

field, northern Sonora, Mexico

(iiam~ter and 0.24 km in depth

and has been studied by Gutmann (1976). The cri-lrr is surrounde~ by a tuff
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ring with a maximum rim thickness of 50 m. The tuff ring deposit is a

yellowish- ta,l, poorly sorted, dominantly silt- to sand-sized tephra composed

of basalt’

(Table 2)

discussed

C tJld’;S, crystais, and lithic materials in decreasing abundance

The sampled rim section stratigraphy shown in Figure 2 is

in detail by Wohletz and Sheridan (1982) and records opening

Strombolian fall eruptions, followed by Surtseyan blasts that fluctuated in

energy and degree of water interaction.

Sample PIN-1 is a coarse lapilli fall of fresh gray cinder. The EDS

analyses (Table 3) give an average for four grains and that of the freshest

appearing grain. The analytical values are within one percent of typical

val~es given by Gutmann and Sheridan (1978) for hawaiite basalts of that area

and of Cerro Colorado basalt. This sample is a product of the opening

Stromholian eruptions prior to hydrovolcanic activity. The typical vesicular

shapes (Fig. 3a) with fresh surfaces we

vesicle burst, and record littl~ interact’

two weight percent of the sample exists in

and these particles are characterized by

surfaces (Fig. 3b).

e caused by fragmentation due to

on with external water. Less than

the fine fraction (<63 WIIdiameter)

blocky shapes and show few vesicle

Sample PIN-2 marks the beginr’ing hydrovolcanic activity and the EDS and

subsequent sample analyses show significant differences frcm those of fresh

grains (Table 3). The sample contains dominantly lithic material due to

cle~ring of the vent during opening explosive eruptions. The blocky shape of

coarse fraction grains (Fig. 3c) is typical of fragmentation due to inter-

action with water. The abundant, fine, micron-sized .naterial adhered to

larger f,agments is evidence of origin from strong explosi is. The moss-like

shapes (Figure 3d) of the f“

explosive heat tran$fer and

ne fraction grains result from high surface-area,

are anoth~’r indication of the high energy of the

7



eruptive activity. This fraction comprises nearly 15 weight percent of the

sample and would likely be much more if the small particles were not adhered

to larger ones. Surface alteration is slight-to-moderate indicating that

deposits were emplaced in a dry surge in which water vapor was highly super-

heated prior to deposition. The rounded, chipped grain edges of this sandwave

deposit are the result of strong abrasion due to high-ener~y saltating emplace-

ment.

PIN-3 is also from a sandwave deposit formed by a high-energy hydro-

volcanic explosion. It is slightly more altered than PIN-2 and shows hydra-

tion cracks ~nd palagonitizecl scrfaces. Molds of crystals torn from enclosing

glass are preserved (Fig. 3e) and are typical_ of hydrovolcanic eruptions

(DeRita, et al. , 1982). The fine fraction also shows the moss-like surfaces..—

P]N-4 is a fine-grained ash resulting from an eruption that produced a

very wet surge. The cohesiveness of the wet surge is displayed by the abun-

dance of accretionary grains (Fig. 3f) in the coarse fraction. Twenty-five

weight percent of the sample are grains less than 63 UTIin diameter, howeier,

and these tiny blocky grains show few adhering, micron-sized dust particles.

Grains are totally altered to palagonite which is additional- evidence for wet

emplacement. These grains are rounded with relatively smooth surfaces due to

abrasion that occurred during emplacement in surges.

PIN-5 is a sample of a uoarse-grained planar deposit that shows both

blocky grains with planar surfaces and also vesicular shapes,. The alteration

is moderate and only one weight percent of the deposit is in the fine frac-

tion.

involv

minirndl

This evidence suggests that PIN-5 resulted from water-poor eruptions

ng expansion of magmatic volatiies. Explosive fragmentation was

and grains were transported in poorly-inflated surpes. The grains

8



show many abrasion pits and surfaces that resulted from

surge moving in laminar flow.

PIN-6, PIN-7, PIN-8 are samples of a planar, massive,

respectively. This succession of deposits records a

transp~.pt in a dense

and sandwave ‘eposit

gradual increase in

eruption energy.

lation decreases

to its trartsport

Fragmentation (percentage of fines) increases and vesicu-

from PIN-6 to PIN-7 and PIN-7 experienced less abrasion due

in a lower density surge. Steam produced was cool enough to

condense on particles evidenced by vesicle fil”lings of alteration material.

PIN-8 IS a fresh deposit showing only slight-to-moderate alteration on grains

that were produced by dominantly hydrovolca~lic fragmentation. Water was

likely highly superheated in these energetic explosions allowing most of it to

escape the surge cioud prior t.o condensation. Some hydration, however, is

aOparent in vesicles.

surges.

Cerr~ Colorado is

volcanic field. It

discussed by Wohletz

Grains show little abrasion from transport in dilute

Cerro Colorado——

a tuff cone located near Crater Elegante in the Pinacate

has been studied by ,Jahns (1959), its strati graphy is

and Sheridan (1982), and preliminary SEM analyses are

shown by DeRita et al. (1982). The steep-sided cone is built up by highly.—

cohesive and palagonitized surge deposits which indicate much wetter eruptions

than those that formed Crater Elegante. The cone encircles a crater nearly

1 km in diameter and rises over 100 m above the crater floor. The basal unit

of the tuff is 10 m of thinly bedded, slightly pclagonitized surges while the

rest of the stratigraphic section (Fig. 4) is ma~sive, thickly bedded, highly

palagonitized tuff.

PIN-12 is a ~ample of J sandwave deposit near the base of the cone. This

deposit is only slightly palagonitized and resulted from high-energy,

9



dry-surge eruptions. The blocky pyroclasts (Fig. 5a) nave sharp edges round~d

acd smoothed by abrasion and have thin, hydrated-glass encrustations. The

adhering dust on both the coarse and fine fraction reveals the strong frag-

mentation that occurred during eruption.

PIN-13 (Fig. 5b) illustrates a deposit resulting from wetter eruptions.

Accretionary grains with strong alteration result from vapor condensing on

particles, which makes them cohesive. The wetter eruptions were not as

energetic, as evidenced by glass still clinging to crystals.

PiN-9 resulted from an eruption produced by vesiculation when access of

water to the vent temporarily ceased. Grains show little alteration and only

coarse fragmentation. The deposition by fall of this ~ample is evidenced by

lack of edge modification by abrasion.

PIN-10 and PIN-11 are samples of massive and planar surge deposits typical

of the wet eruptions that, built up the cone. PIN-10 came from a more

energetic surge blast than PIN-11 as shown by its finer grain size and

crystals separated from glass. PIN-10 also resulted from wetter eruptions

than PIN-11, as shown by its stronger hydration ‘ig. 5c) and blocky and drop-

like fine fraction grains (Fig. 5d). The fine fraction graiys of PIN-11 are

plate-like, formed by fracturing of larger grains and not by interaction with

water.

500

P2num Crater

m in diameter,

Panum Crater— ——

is a Holocene, rhyolite dome

It erupted on the northern

surrounded by a tuff ring about

end of the Mono Crater chain in

east-central California (Putnam, 1938; Kistler, 1966; Wood, 1977). Initial

explosive eruptions resulted from the extrusion of vesl’culating rhyolit~

through the w~~ter-saturated alluvial deposits aro~lnd Mono Lake. Both hydro-

volcanic ,~nd sub-Plinian explosions occurred during formation of the tuff

10



ring. Late stage activity consisted of the passive exlrusion of a rhyolite

dome in the tuff ring crater. Samples were ebtalned in a pumice quarry on the

southeast side of the tuff ring. Tne chemical analyses for the least-aitered

samples, PAN-2 and PAN-5, given in Table 7 are closely comparable to published

analyses for Mono Crater rhyolite (Loney, 1968).

Initiation OF explosiv~ eruptions emplaced an explo~ion breccia over a

lava flow breccia (Fig. 6). PAN-1 (Fig. 6) is a sample of a massive, surge

bed within the explosion breccia. These opening explosions, as were later

ones, show contributions of both i~agmatic vesiculation and hydrovolcanic

fragmentations. Sl:ch eruptions are termed phreatoplinian by Self and Sparks

(1978). This origin is characterized (Fig. 7a,b) by the vesicular but blocky

nature of coarse grains, and the blocky to platy shapes of the

The sample also contains a significant contribution of lithic

explosions piercing the wall rock. The shrge transport is

fine fraction.

material from

indicated by

smoothed edges of vesiculated blocks. Broken bubble

platy shapes In the fine fraction. Abundant water

produced moder~te alteration on grains.

PAN-2 (Fig. 7c) Is a sample from a sandwave depob,t

that had increased in eneryy over those that emplac.d

massive surge deposits. The eruptions producing the

walls are revealed by

in the surge <eposit

formed from explosions

the earner planar and

sandwave deposit were

dominantly hydrovolcanic with a minor contribution by vesiculatlon. High-

energy transport produced abundant edge abrasion of cl,]sts, o:]d alteration was

slight because of dry emplacement. The thin, platy forms of the fine fraction

are due to fracturing along mlcrofollatlon produced In the lava as It

approached the surface.

PAN-3 (Fig. 7d) Is ,3 sulJ-Pllnian fdll dppuslt rrs~llting from nl~gmiitic

explos~on with little water interaction. Lrains show 110 transport abrasion

11



and only slight alteration. The sample is from the fine-grained lower layers

of this reversely graded deposit. The fine fraction only accounts for five

weight percent of the sample.

Water again aided the following phreatoplinian eruptions il] producing tht?

blocky vesicular grains in the coarse sandwave deposits ‘ot PAN-4. These

grains experienced significant abrasion during transport in a sandwave surge.

Final eruptions were solely hydrovolcanic and produced the blocky grains shown

in PAN-5 (Fig. 7e). Water interaction was limited, pyroc?asts apparently were

emplaced dry, and suffered no aluer~tion lJywater.

Obsidian Dome..——._ ____

Obsidian Dome is one of the northern Inyo ~omes, a lil]e of obsidian

eruptions south of the Mono Crater cba~n in California (Wood, 1977). This

glass flow varies in composition from rhyodacite to dacite. It is described

by Mayo et al. (1936). The dome is su].rounded by a collar of ash which farms-——

a poorly exposed tuff ring. Samples have been obtained from a recent road cut

or~ the western side of the dome. Explosive activity varied through stages of

sub-Plinian pumice fall and hydrovclcanic explosions as water gained access to

the vent. The sequence shown in (Fig. 8) demonstrates the gradual increase In

hydrovolcanic activity followlng early magmatic, vesiculatlon explosions.

ODS-1 (Fig. 8) is from a coarse, pumlceous ash-fall rkposlt. that resulted

from strong veslculatlon of (t volatile rich magma ar It reached the su,’face.

The fine, bubble wall t~xture of grains Is well-preserved. Grains show no

abrasion fc~tures and have no alteration prcducts on their surface (Fig. !la).

As water grained access to

ODS-2 (Fig. 8) Is a sample of

v[~sicul.lrblocky grain Sh[lll(’si

port. Al~ulld,~ntadhering dust on

the vent, eruptlcns hccamu phru,~toplinlan.

n planar surge dcposlt,. rh~ c~,~sts show

Vesicle Pdgrs wcr[? smoothrd hy surg[’ tr,~!ls-

thc flnc fraction, as WC1l as thr ,lppcarnrlcc

12



of alteration are evidence of water Interaction during eruption and emplace-

ment.

Sample CBS-3 (Fig. 9b) shows features of increased water interaction.

This sample is a vesiculated tuff (Lorenz, 1974) emplaced as a massive-bed

surge. EruptIons were

in volatiles. Grains

surfaces from abrasion

dominantly hydrovolcanic as the magma became depleted

are mostly nonveslcular and subrounded showing smooth

during surge transport. The wet emplacement is shown

by abundant trapped steam bubbles in the deposit and moderate hydration on

grain surfaces. The fine fragr ‘ntation produced by water interaction is

revealed by abundant adhering dust on the fine fraction.

DISCUSSION AND CONCI.USIONS

Using SEM techniques to characterize pyroclasts Is a relatively rlew

approach. This study demonstrates d systematic interpretation of pyroclasts

In vertical sequences of hydrovolcanic eruption products. The fundamental

observation of grain shape allows interpretation of the relative contribution

of magmatlc veslculatlon and hydrovo~canic water-interaction In production of

pyroclasts. The energy of er~ptlon can be Inferred from the degree of

transport abrasion for samples from speclf,c bed

For recent hydrovolcanlc eruptions, the degree of

with the abundance of fine adherll,q dust allows

waler fnt~~actlon during a~~d after dcposltlon.

forms In near-vent samples.

surface alteration combined

lnfcrence for the amount of

EDS analyses also pcrmlt

interpretation of t,he wetn~ss of eruptions by showing the degree of glass

alteration produced by water trapped In the

In the snmples ztudlcd, three dominant

m dlametcr wrrf’ ol>s~rved. Ill(lckygroins

deposit after cmplaccmcnt.

sh,~pcs of grains greater than 100

with plfllliir ,Inricurvi-planur sur-

faces that may cut vesicle walls arc most characteristic of hydrovolcanlc

13



. . .

fragmentation. This fragmentation mechanism appedrs to irvolve a form of

brltcle fracture and is likely caused by stress waves from the vapor

explosions propagating through the melt. Drop-like grains with fluidal-form

surfaces encasing vesicular glass were not observed as frequently as blocky

forms. These shapes, however, are common in submarine volcanoes such as

Surtsey. Drop-like forms suggest fluid deformation of magma fragments.

Vesicular forms show surfaces whose shape is determined by bubble-wall

textures (Fisher, 1963) and result from magmatic volatile explosion.

Fine f~action (<63 un diameter) shapes also demonstrate blocky shapes.

Vesicular shapes are rare, Plate-like shapes

bubble walls or fracture of brittle, foliated

a high surface area to diameter ratio and

observed may represent pieces of

lava. Mossy shapes demonstrate

are common in highly explosive

magma-water interactions. High surface area is ,7 necessary condition for

highly efficient, conductive heat transfer from the magma to the water.

It is clear

characterization

Whalley, 1982;

that quantification of grain shapes would facilitate sample

and identification. Fourier and fractal methods (Orford and

Ehrlich and Weinberg, 1970) are an attractive means of

quantification b~lt have yet to be standardized fcr pyroclastics. Similarly,

edge modification could be quantified. In that study, the number and types of

abrasion features could be characterized. Edge modification includes the

guneral idea of rounding as well as other kinds of obrasion features.

F(!aturcs that result from grain-to-grain and grain- to-substrdtc impacts

occurring during trnnsport were observed by Wohi(?tz and Krinslcy (1982),

Abrasion is more iip~:arcnt upon grains transported in dense pyroclastic surges

depositing planer beds than in lean surges which dcpos{t m,]ssivc!and s,andwnve

1)(’(1s, Al)r,]sioflfcatur[!s ol)scrvt’din this study in(;lu(l(’ t.ooves or scratches,

dish-shape fractures, step-like fractures, and Cl]il),1 or flaked ar’cas. The

14



type of abrasion feature may be due to the energy of impact.. The number of

Impacts is a function of transport distance and spacing of grains during flow,

a measure of surge or flow density (Wohletz and Krinsley, 1980). Furthermore,

coarse grains show more edge modification than do the fines.

Alteration features are very complex; most common is palagonitization and

hydration of glass. The source of the water of hydration and its chemical

effects are still poorly understood. For hydrovolcanic deposits of recent

age, Wohletz and Sheridan (1982) show evidence that most palagonitizatiGn may

be dus to water trapped in the deposit during pyroclast emplacement. Dry

deposits (sandwave surge and astl fall) show less palagonitization because

steam segregated from the pyroclasts prior to deposition. Conversely, wet

deposits (massive and planar surge) show $trong palagonltization because steam

condensed on pyraclasts during transport and produced highly cohesive wet

deposits. Dry and wet deposits have been found to be intcrstratified in tuff

cones and tuff rings. Vents erupting in shallow marine or lake waters often

show more p~lagonitization thun those in continental areas where only ground

water existed during eruption. Hence, the amount of water present ir’ the

environment during eruption affects the degree of palagonitizatlon PS well as

the energy of explosions (Sheridan and Wohletz, 1981). Complexities in this

relationship arise from postemplacement hydrothcrmul activity, surface

wcfithcring, and groun$”water movcmont.

Alteration fc~tutc~ observed in this study include hydr~tion Winds nnd

cracks, microcrystalline overgrowths and encrustations, and vcricle fillings.

Fumes (1975) experimentally studie[, palagonitlzation and found that it

results in a redistribution of clcmcnts in gloss. The redistribution may be

observwi os uithvr ,1 qnin or 10SS of nn (’lwerlt fr~~m its lr~itinlly fresh,

unnlterod abundance. The EIIS analyses show the rcl,lt.ivcclcllmntal gains at~d



losses and are plotted In Figure 10 for t~le Lampled strati graphic sections.

For Crater Elegante and Cerro Colorado the major element chemistry varies

considerably moving up section from the fresh, basaltic sample PIN-1 to

altered samples in those two hydrovolcanic sequences.

the strongest apparent absolute v~riations, but FeO,

show the greatest relative change from their initial

Si02 and A1203 exhibit.

Na20, and CaO abundances

values. Si02 and AlpOl
.“

show opposing losses and gains that are complexly related to bed form. Fall

deposits show the least alteration. Wetness of emplacwwnl increases in a

general manner from sandwave and planar to massive beds. ~-?O values show the

arid apparent changes that can be related

rhyolite samnles, alteration changes are much

glasses are not as reactive to water as

hyarovolcanic

less pronounced

basaltic glass

most consistent

alteration. For

because rhyolite

(Marshall , 1961; Hawkins and Rustum, 1963). In Figure 11 adapted from Fumes

(1975), th~ progressive loss of oxides is plotted t’gainst increasing water

content of basalti~ palago~lte.

relative changes while sil~ca and

Altered basalts of Crater Elegante

The alkalis and iron show the greatest

alumina the least as shown in Figure 10.

and Cerro Colorado show rel~tlve changes of

Si02 and A12L3 of dbout 18 to 31 percent corresponding to water gains of 8 to

15 percent. FeO shows a loss of 50 to 82 percent corresponding to water galrls

of 10 to 20 weight percent for these samples. In this manner, surface

chemical analyses

grain alteration.

providr ddt~ on

hydrovolcanic tcphra.

In cor]cluslon, pyroclastic nlntrrinl cnn provide useful dato nnd informn-

I.IoIJdhout (’ruptive nctivity. l’hc sI”M coupled with grain si70 datfl ~nf~

by EIIS allow a rough cstlmatc of th~ relative degree of

When considered with size and SEY analvsit, this method can

the amount of magma wiitcr interaction that has produced

16



surface chemical analysls by E!IS is an effective method for ~tudying pyro-

clasts. The methods fit into current standard techniques of pyroclastic

studies where samples are prepared by sieving analysis and optical microscopy

identification of constituent grains. EDS systems are common companion hard-

ware on SEM setups and with improved snftware techniques can provide quick,

approximate analyses that allow further characterization and identification of

pyroclastic material.

This study SfiOWS that grain shapes, sizes, and surface textures vary

systematic~llyo For hydrovolcanic eruption sequences, blocky ]nd vesicular

shapes reveal the relative contribution of magmatic vesiculation and

magm~.water interaction itl formation of pyroclasts. The grain sizes of ash

samples permit evaluation of the energy of explosive fragmentation. Highly

explosive rvrnts result in development of abundant fine material (less than 63

urn)that adheres to larger particles. The degree of grain rounding and amo~nt

of edge modification increases with density of surge and flow deposition. The

amount of postemplacement alteration increases with the wetness of emplace-

ment, and so is a measure of the degree of water-magma interaction.
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FIGURE CAPTIONS

Fig. 1. Size distribution of samples included in this study. Rhyol itiC

samples are shown by open symbols and basaltic samples are so’)id

symbols. The rhyol+tic samples al : generally coarser grained which

reflects compositional effects upon fragmentation mechanism.

Fig. 2. Rim stratigraphic section from Crater Elegante showing sample loca-

tions and description.

Fig. 3. Micrographs of Crater [legante pyroclasts. (a) Simple PIN-1 showing

the vesicular and fresh surfaces of the coarse fraction. (b) Blocky

vesicle-poor shapes of the fine fraction of PIN-I. (c) Sample PIN-2

coarse fraction is blocky with abundant adhered dust and slight

~~lrfac~ alteration. (’1) PIN-2 fine fraction pyroclasts are high

surface area, moss-like shapes. (e) Sample PIN-3 shows rour,ded,

blocky shape with a mold of a crystal that was torn from the glass

during eruption. The left view is that of secondary electrons and

the right a hackscattered Image. The surface shows slightly more

alteration than thnt of PIN-2. (f) Sample PIN-4 showing accre-

t.ionary particles un the surface of this grain from a wet surge.

f“ig.4. Rim stratigraphic scctlon from Ccrro Colorado. “(he lower, thln~y

bedded surge deposits resulted from drier eruptions than those in

the upp{’r masslvc scctlon.



Fig. 5. Micrographs of Cerro Colorado pyroclasts. (al Sample PIN-12 shows a

blocky pyroclast with adhering dust and alteration. (b) Sample

PIN-13 shcwing a rounded accretionary grain with strong alteration

that resulted from a wetter eruption than PIN-12. (c) The coarse

fraction of PIN-10 illustrates the highly altered surface of grains

showing hydration cracks (skin) and plucked crystal molds. (d) The

fine fraction of PIN-10 shows both blocky and drop-like shapes

characteristic of strong water interaction during eruption.

Fig. 6. Rim stratigraphic section at Panum Crater.

Fig. 7. Micrographs of Panum Crater pyroclasts. (a) Sample PAN-1 is from a

massive bed in the basal explosion breccia. A grain from the coarse

fraction shcws vesicular and blocky shape with a moderate amount of

alteration in vesicles. The fine fraction (b) shows blocky and

platy shapes of

angular, blocky

abrasion. (d)

resulting from a

planar surfaras

broken vesicle walls. (c ) Sample PAN-2 shows

shape with edge modification due to transport

Sample PAN-3 shows elongate, vesicular shape

magmatic eruption. (e) Sample PAN-5 shows clean,

of n blocky grain with dish-shape fractures and

grooves due to transpc,rt abrasion.

Fig. 8. Rim stratigraphic section of the tuff ring surrounding Obsfdian

Dome. Scmpled sequence records magm~ticf sub-Plii]ian pumice fall,

pl~nar-bedded. dry-surge, and vesiculatcd, massive wet-surge.



Fig. 9. Micrographs of

well-preserved,

OBS-3 showing

surfaces.

Obsidian Dome pyr{)clasts. (a) Sample OBS-1 showing

vesicular shape with fresh surfaces. (b) Sample

blocky, rounded shape and moderate alteration on

Fig. 10. Major element abundances of samples taken in stratigraphic sections.

The average and sample 1 for Crater Elegante are approximations of

fresh basalt for both Elegante and Cerro Colorado. The stippled

lines show elemental abundances for analyses of samples taken higher

in the sections reflects alteration due to palagonitization. Sample

bed-form types are designated as F - fall, SW - sandwave surge, M -

massive surge, and P - planar surge.

Fig. 11. Plot of relative change in oxide abundance versus weight percent

water analyzed in basaltic palagonite (adapted from Fumes, 1975).

Solid, vertical bars show the relative gain or loss of Si02 for

three degrees of hydration.
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